Aiming at the poor ride comfort of an armored vehicle when driving on off-road, which affects badly the working efficiency of the crew members, the current standards of the ride comfort evaluation method were analyzed, and a comprehensive ride comfort evaluation method for multiple states was proposed considering different speed and road surface conditions. The experimental study on ride comfort of two vehicles was conducted. The test results show that vehicle #1 has better ride comfort performance compared with vehicle #2, and the proposed method can effectively guide the comprehensive evaluation of the ride comfort of armored vehicles, which is suitable for the comparative test of the ride comfort performance of armored vehicles.
Introduction
With the development of armored vehicles, they are becoming lighter, more maneuverable and more powerful, and the vibration problem of armored vehicles becomes more and more serious. The on-board equipment and components need to withstand strong vibration impact, and work reliability is facing a severe test. Meanwhile, vibration has become a key factor affecting the ride comfort and work efficiency of the crew members, and restricting the improvement of average off-road speed. How to evaluate the effect of vibration on the crew members objectively and effectively has become a focus of researchers. Jinfeng Jia [1] used single-band root-mean-square method in ISO 2631, total weighted acceleration method and absorption power method to test and study the ride comfort of a wheeled armored vehicle on off-road road. Zhicheng Wu [2] made a comparative analysis of ISO 2631 and the absorption power and dual-limit evaluation method of and vertical peak acceleration of the US army, and the results show that the dual-limit evaluation method is appropriate for the ride comfort evaluation of off-road vehicles. Shuxin Gao [3] analyzed the advantages and disadvantages of the current ride comfort evaluation methods for the civil car and US army vehicles, and put forward the evaluation method and index limit of PLA army vehicles. Zhiming Pan [4] analyzed the vibration character and ride comfort of the armored vehicles, and test was conducted. Aihua Tang [5] analyzed the application of the ride comfort evaluation methods, and the road test of a vehicle was conducted. The other researchers [6] [7] [8] also did the study and analysis of the ride comfort evaluation methods.
The current ride comfort evaluation methods mainly focus on single state, which can't meet the need of contrasting the ride comfort performance of two vehicles. In view of contrasting the ride comfort performance of two vehicles, a comprehensive ride comfort evaluation method was proposed, and the test research was conducted.
Evaluation Method of Ride Comfort

Evaluation Method of Ride Comfort for Single State
The current evaluation standard for ride comfort of armored vehicles is GJB 59.15-1988, whose basis is ISO 2631/1-1985. However, as early as 1997, the international organization for standardization published a new evaluation method for human body vibration, ISO 2631/1-1997, in which new evaluation indexes and methods were added, and some evaluation indexes that have not been confirmed by subsequent tests were deleted, making the evaluation method closer to the real human body's feelings on vibration.
The evaluation methods of human body's response to vibration are mainly divided into two categories: subjective and objective. The subjective evaluation method mainly considers the subjective reaction of the personnel, but this method is not very strict because the physiological and psychological response to mechanical vibration is an extremely complex process. The objective evaluation method mainly takes each physical quantity of mechanical vibration as evaluation index. So far, the major influential evaluation methods include the Average Absorbed Power method, the Total Ride Value method (BS 6841-1987), and ISO 2631/1-1997.The four main evaluation methods have their own application scope and region, among which the Absorption Power method is mainly adopted by the US, Japan and NATO, the Total Ride Value method is mainly adopted by the UK, and ISO 2631/1-1997 is adopted by the EU and most other countries. China issued the latest vehicle ride test standard GB/T 4970-2009 in 2009, which was based on ISO 2631/1-1997.
The International Organization for Standardization issued the international standards ISO 2631-1978 Guide for the evaluation of human exposure to whole-body vibrations in the 1970s, and since then, the evaluation of human body vibration had common international standard and got the attention of the countries all over the world. ISO 2631 has been revised and supplemented many times. Since its promulgation, the standard has been supplemented and revised in 1978, 1982 and 1985 respectively. In 1989 and 1991, ISO/DP 2631 and ISO/CD 1631 were published respectively. In 1997, ISO 1631/1-1997 was revised and reissued. This is also the latest research result of human vibration response evaluation, which has been recognized by various countries. Many countries have developed their own evaluation standards for vehicle ride comfort based on ISO 2631-1978.
When evaluating the ride comfort based on ISO 2631/1-1997, to choose the basic evaluation method or auxiliary evaluation method is determined by the value of the peak factor of the vibration waveform. The basic evaluation method is used when the peak factor is less or equal 9, and the auxiliary evaluation method is used when the peak factor is greater than 9. The applicable frequency range is 0.5~80Hz.
The fundamental evaluation method takes the root mean square value w a of the weighted acceleration as the evaluation index. In which, () at is the time-domain signal of acceleration filtered by weighted coefficients. T is the measuring time.
As for the multi-axial vibration, the RMS value of weighted acceleration for each axial should be calculated firstly, and the comprehensive RMS value of weighted acceleration is calculated according to the each axial's weighted coefficient.
The auxiliary evaluation method evaluates the ride comfort by running RMS or Vibration Dose Value (VDV). The running RMS method uses a short integral time constant to describe the accidental impact and transient vibration, which is defined as:
In which, w () at is instantaneous frequency weighted acceleration;  is the running average integral time; 0 t is the instantaneous time. The Vibration Dose Value takes the fourth power of the acceleration time history as the basis for calculating the integration, so it's more sensitive to the peak value, and its definition is:
In which, () at is instantaneous frequency weighted acceleration; T is measuring time
Comprehensive Ride Comfort Evaluation Method for Multiple States
The ride comfort evaluation method introduced above only aims at the evaluation of one vibration for single state, and it does not involve the comprehensive evaluation. In the evaluation of the ride comfort of armored vehicles, especially the comparative evaluation of the ride comfort of two types of vehicles, it is necessary to comprehensively evaluate the ride comfort of two types of vehicles under different road surfaces and different driving speeds. In the optimization of vehicle suspension parameters, the ride comfort index is taken as the optimization target, and the ride comfort for multiple states needs to be comprehensively evaluated.
Set the total number of road surface types tested for vehicle ride comfort to be m, and the number of vehicle speed tested on the ith road surface to be n i . When driving at the jth constant speed on the ith type of road surface for the basic evaluation method, the root-mean-square value of the three-dimensional total weighted acceleration of the seat is a ij , then the overall evaluation value of the vehicle ride comfort is: 
Comparative Test and Evaluation of Two Vehicles' Ride Comfort
Taking a certain type of wheeled armored vehicle as an example, the vibrations of the seats with different roads and different speeds were tested, and the comprehensive evaluation method proposed was used to calculate the comprehensive weighted root mean square value of the vehicle.
Test Instruments. The test instruments required for ride comfort evaluation mainly include vibration data collector, cushion type of vibration acceleration sensor, acquisition computer and software. The schematic diagram of the test system is shown in figure 1 . Table 1 shows the weighted acceleration RMS under each test condition of vehicle 1# and 2#. The driving mileages of this type of vehicle on the gravel road and undulating soil road in the reliability verification test in normal temperature area are 4000km and 2000km respectively, so the weight is 0.67 and 0.33 after normalization. According to analysis of recording data of the vehicle, the proportion of three typical vehicle speed ranges (V<25, 25<V<35, V>35) of this type of armored vehicle in the gravel road is 33:46:21, so the weight values after normalization are 0.33, 0.46 and 0.21 respectively. In undulating dirt road, the three typical speed ranges (V<20, 20<V<30, V>30) are 0.29, 0.48 and 0.23 respectively after weight normalization. The root-mean-square values of vibration acceleration at the driver's position under different roads and speeds are shown in table 1. According to the comprehensive evaluation method of multi-state ride comfort proposed in this paper, the comprehensive weighted root-mean-square values of acceleration of the two vehicles are calculated, in which the value of vehicle 1# is 1.6168m/s 2 and vehicle 2# is 1.7893m/s 2 . It can be seen that under the two pavement conditions of gravel road and undulating soil road, the comprehensive weighted acceleration RMS for multi-states of vehicle # 1 is smaller than that of vehicle # 2, which means vehicle #1 has better ride comfort performance than vehicle #2. 
Summary
The existing standards and methods for the evaluation of ride comfort of vehicles are analyzed, and a comprehensive evaluation method for ride comfort with consideration of different speeds and roads is proposed. The vibrations of driver's seat of two vehicles were tested and the ride comfort of the two vehicles was evaluated. The test results show that the proposed method can effectively guide the comprehensive evaluation of the ride comfort of armored vehicles, and is suitable for the comparative study of the ride comfort of armored vehicles.
